1. An increase in polyamine concentration, caused by inhibiting the amine oxidase activities with iproniazid, increased the incorporation of [3H]orotic acid into chick-embryo RNA and DNA. On the other hand, a decrease in polyamine concentration, obtained by causing an increase in amine oxidase activities, decreased [3H]orotic acid incorporation into nucleic acids. This was particularly evident for nuclear DNA and ribosomal RNA. 2. Polyribosomal patterns obtained by sucrosedensity-gradient centrifugation showed highest radioactivity in the regions of 259s and 280s aggregates in those embryos in which the polyamine contents were enhanced, whereas a decrease in the radioactivity was observed when the polyamine concentrations were decreased. 3. The activity of DNA-dependent RNA polymerase, assayed in the same experimental conditions, also varied in the same fashion with changes in polyamine concentration.
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Spermine and spermidine have been found in large amounts in organs and tissues such as pancreas (Rosenthal & Tabor, 1956) , thymus, spleen and liver (Janne, Raina & Siimes, 1964) . Polyamines are also present in several micro-organisms (Herbst & Snell, 1949) . Although the biological role of these amines is still unknown, these compounds are essential growth factors for some micro-organisms (Herbst & Snell, 1948; Sneath, 1955) , and putrescine, spermine and spermidine are growth factors for a mammalian cell line (Ham, 1964) .
In addition, polyamines are present in appreciable quantities in the embryos of several cereals (Moruzzi & Caldarera, 1964) , and spermine is a growthpromoting factor for explants of Jerusalem artichoke in vitro (Bertossi, Bagni, Moruzzi & Caldarera, 1965) .
Caldarera, Barbiroli & Moruzzi (1965) showed, during chick-embryo development, similar changes in content of polyamines and nucleic acids under conditions in which the polyamine content was experimentally modified.
These observations, the relationship between spermine, thymidine and folinic acid metabolism (Turner, Lansford, Ravel & Shive, 1963) , the increase ofspermidine in regenerating liver (Dykstra & Herbst, 1965) and the effect of polyamines on RNA synthesis in a polyauxotrophic strain of Escherichia coli 3H-Labelled acid-soluble nucleotides. The post-microsomal supernatant, treated with HC104 as described above, was kept at 40 for 30min. and then centrifuged at 1400g for 10min. The acid supernatant was decanted, and the residue was resuspended in a volume of ice-cold 5% (w/v) HC104 equal to that of the original suspension and centrifuged as before. The extracts and the washings were combined and neutralized with ice-cold 5N-KOH and kept in the refrigerator overnight; the KC104 was removed by centrifugation. The extracts containing acid-soluble nucleotides were put on an ion-exchange resin column (12cm. x 1-2 cm. diam.) of Dowex 1 (X8; formate form; 200-400 mesh) (Hurlbert, Schmitz, Brumm & Potter, 1954) . This was followed by 50ml. of water, a volume that would displace any non-exchangeable material. Elution of total free nucleotides with 10 N-formic acid was then carried out till no extinction at 260m,u was found in the eluted fluid (about 50ml.).
Distribution of polyribosomes. [3H]Formate (50jlc) was
injected into the air space and the embryos were used 2 hr. later.
Ribosomes were obtained from the mitochondria-free supernatant treated with sodium deoxycholate (final conen. 1-3%, w/v) from a whole-embryo homogenate to which bentonite had been added (0-1 mg./g. of fresh tissue) (Petermann, 1964) , and which had then been centrifuged at 105000g for 60min. Ribosomes suspended in a medium containing KCI (50mM), MgCl2 (1 mm) and tris-HCl buffer, pH7-6 (20mM) ) (about 25000 E260 units), were layered over 26ml. of a linear 15-30% (w/v) sucrose densitygradient. Aftercentrifugationat24000rev./ min. in a Spinco SW 25.1 rotor for 180min., 0-5ml. fractions were collected by puncturing the bottom of the tube and their E2s0 values were measured. Radioactivity was determined as described below. Sedimentation coefficients were calculated as described by Martin & Ames (1961) and Wettstein, Staehelin & Noll (1963) .
Measurement of radioactivity. The radioactivity of 3H-labelled RNA, DNA and acid-soluble free nucleotides of subcellular fractions (containing about 1-5-2mg. of nucleic acids) and of sucrose-density-gradient fractions was measured in a Nuclear-Chicago model 725 automatic scintillation spectrometer. The samples were dried completely in a vacuum oven at 700, and the dried samples were redissolved at room temperature in 0-5 ml. of water. After 1 hr., 10ml. of a liquid scintillator (Bray, 1960) was added and the radioactivity was measured. Under these conditions all 3H-labelled samples were counted with an efficiency of 20%.
Assay of RNA polymerase. The two DNA-dependent RNA polymerase activities were determined in purified chick-embryo nuclei by using the conditions described by Tata & Widnell (1966) . Nuclei were purified as described by Widnell & Tata (1964) . The incubation medium for the Mg&+-activated reaction, carried out in the absence of (NH4)2SO4, contained in 0-5ml.: 50,umoles of tris-HCl buffer, pH8-5; 2-5pmoles of MgCl2; 10,umoles of cysteine; 3,umoles of NaF; 0-3,umole of each of GTP, CTP and UTP; 0-015,umole of non-radioactive ATP; 0-005jmole of [14C]ATP; 0-1 ml. of nuclear suspension containing about 0-15mg. of DNA. Incubation was for 15min. in air at 370, after which time the reaction was stopped by the addition of 5ml. of ice-cold 0-5N-HC104 and 400,ug. of carrier RNA.
The incubation medium for the Mn2+-activated RNA polymerase reaction, carried out in the presence of (NH4)2SO4, contained in 0-5ml.: 50,umoles of tris-HCl buffer, pH7-5; 2,moles of MnCl2; 0-05ml. of a solution of (NH4)2SO4, saturated at room temperature and adjusted to pH 7-5 with aq. NH3 soln.; 0-3pumole each of GTP, CTP and UTP; 0-015,umole of non-radioactive ATP; 0-lml. of nuclear suspension. After preincubation for 15min. at 370 the reaction rate was followed by the addition of0-005 ,umole of [14C]ATP, and the reaction was stopped, after a further 45min. of incubation, by the addition of 5ml. of ice-cold 0-5N-HC104 and 400 1,g. of carrier RNA. were dissolved in 0-5ml. of formic acid; 5ml. of ethylene glycol monomethyl ether was added, followed by lOml. of scintillator fluid (Bray, 1960) . Under these conditions the counting efficiency for all samples was about 50%. DNA was determined by the method of Fleck & Munro (1962) . Table 1 shows the incorporation of [3H]orotic acid into the nucleic acids of subcellular fractions. Groups 2 and 3, injected with spermine and spermidine respectively, show a decreased specific radioactivity of nuclear DNA, nuclear RNA and ribosomal RNA. On the other hand, large increases are found in the specific radioactivity of nuclear DNA, nuclear RNA and ribosomal RNA in group 4 (embryos injected with iproniazid). A further increase in specific radioactivity is found in groups 5 and 6 (embryos injected with iproniazid plus spermine and iproniazid plus spermidine respectively). The specific radioactivities of acid-soluble free nucleotides change in a similar fashion.
RESULTS
The sucrose-density-gradient analysis of ribosomes obtained from the deoxycholate-treated post-mitochondrial supernatant (Fig. 1) shows a shift of radioactivity in polyribosomes towards the heavier aggregates in groups 4, 5 and 6 (embryos injected with iproniazid, iproniazid plus spermine and iproniazid plus spermidine respectively); there is also a concomitant increase in the radioactivity in the regions of 206s, 259s and 280s (peaks d, e andf respectively). On the other hand, the groups injected with spermine or spermidine (groups 2 and 3 respectively) show a decreased radioactivity in the region of the heaviest polyribosomal aggregates.
The activity of nuclear DNA-dependent RNA polymerase (nucleoside triphosphate-RNA nucleotidyltransferase, EC 2.7.7.6) is shown in Table 2 . The results show that both the Mg2+-activated and Mn2+-ammonium sulphate-activated RNA polymerase reactions are modified, in agreement with the other results. This behaviour is particularly evident for the Mn2+-activated reaction: this enzymic activity is depressed in the groups of embryos injected with spermine and spermidine (groups 2 and 3 respectively), whereas the embryos treated with iproniazid show an activity increased by 43 % (group 4). A further increase in this enzymic activity is obtained in those embryos that are injected with iproniazid plus spermine or plus spermidine (groups 5 and 6 respectively). Fraction no. Fig. 1 . Effect of spermine, spermidine and iproniazid on polyribosomal sedimentation profiles in chick embryos.
The experiment was carried out as described in Table 1 and in the text. Embryos were injected with: (1) 0.9% NaCl soln.; (2) spermine; (3) spermidine; (4) iproniazid; (5) spermine+ iproniazid; (6) which the spermine content is increased by 70%, the incorporation rate is increased by 67%, and in that injected with spermidine plus iproniazid the incorporation rate is increased by 61%.
The specific radioactivity of RNA varies in the same way as that of DNA; it is possible to observe a significant increase in the rate of incorporation of orotic acid into both nuclear and cytoplasmic RNA.
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This effect is particularly evident for ribosomal RNA. On the other hand, under conditions in which the polyamine content decreases (Table 1, groups 2  and 3) there is a general fall in the incorporation rate of [3H]orotic acid into all nucleic acid species studied. However, one might point out that the increased biosynthetic activity could be partly correlated with the increased acid-soluble radioactivity. These results, particularly the increased incorporation rate of [3H]orotic acid into ribosomal RNA, led us to study the profiles of ribosomal aggregates by sucrose-density-gradient centrifugation. The methods of polyribosomal analysis in sucrose-density-gradient centrifugation allow us to ascertain the cytoplasmic content ofrapidly labelled RNA and the ability of ribosomes to aggregate on messenger RNA strands.
Under our experimental conditions there is a shift in the distribution ofradioactivity in polyribosomes towards the heavier aggregates and a marked increase in the labelling of RNA in the polysomal regions of 206s, 259s and 280s particles in the groups of embryos in which there are higher polyamine contents, whereas the size of labelled polyribosomal aggregates fell in those embryos in which polyamine content was low. These results may help us to understand the positive effect of spermine and spermidine on the amino acid incorporation rate at the ribosomal level observed by Martin & Ames (1962) . On the other hand it has been observed that polyamines exert a marked protection against the effect of levorphanol, which inhibits selectively the synthesis of ribosomal RNA in E. coli (Simon, Cohen & Raina, 1966) .
To investigate these effects more thoroughly, we assayed the DNA-dependent RNA polymerase activity under the same experimental conditions. In particular we studied the two different reactions described by for isolated whole nuclei: the first in the presence of Mg2+ and in the absence of ammonium sulphate, the other in the presence of Mn2+ and ammonium sulphate. The product, according to , of the Mg2+-activated RNA polymerase reaction catalysed by a preparation of rat liver nuclei, in terms of base composition and nearest-neighbour frequency, is a ribosomal type of RNA, whereas that of the Mn2+-ammonium sulphate-activated RNA polymerase reaction is a more DNA-like RNA.
Both reactions show appreciable increases in all groups of embryos in which the polyamine contents are enhanced, and this is particularly evident for the Mn2+-activated reaction. The increased RNA polymerase activity could explain the higher [3H]orotic acid incorporation rate into the ribosomal RNA and the higher radioactivity found in the heaviest polyribosomal aggregates. The variations of polyamine concentrations, resulting from different physiological needs of the cells, indicate that spermine and spermidine may have a role in the control of protein synthesis.
